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LQYROYH VFLHQWLILF DQG UDWLRQDO SHUIRUPDQFH HYDOXDWLRQV DQG WKHEHQFKPDUNVRI JRYHUQPHQWV¶ LQYHVWPHQW WR FRPPXQLW\
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LQGLFDWRUV\VWHPVRIFRPPXQLW\KHDOWKVHUYLFHVFRQVLVWRIWZRSDUWRIIXOOHYDOXDWLRQRQLQGXVWU\SHUIRUPDQFH
DQG RSHUDWLRQDO SHUIRUPDQFH ZKLFK FRQWDLQ SDUW\ EXLOGLQJ ZLWKLQ WKH RUJDQL]DWLRQ DGPLQLVWUDWLYH DIIDLUV
KXPDQUHVRXUFHVILQDQFLDOPDQDJHPHQWDQGVRRQ:KLOHDWSUHVHQWWKHUHDUHVRPHSUREOHPVOLHLQLWVXFKDV
FRPSOLFDWHG DQG RYHUODSSLQJ GHVLJQ RI WKH HYDOXDWLRQ V\VWHP GHYLDWLRQ IURP WKH LQGLFDWRUV ODFN RI
TXDQWLWDWLYHHYDOXDWLRQDQGODFNRILQGHSHQGHQFHEHWZHHQTXDQWLWDWLYHHYDOXDWLRQDQGHWF2QWKHEDVLVRIWKH
VXPPDUL]LQJ DQG OHDUQLQJ WKH UHVHDUFKHV DQG SUDFWLFHV LQ DFDGHPLD DQG DOO VHFWRUV WKLV SDSHU KDYH SXW
IRUZDUG WKH GHVLJQ EDVLV RI WKH SHUIRUPDQFH HYDOXDWLRQ V\VWHP ZKLFK LV WKH IXQFWLRQ RULHQWDWLRQ RI
FRPPXQLW\KHDOWKVHUYLFHV
)XQFWLRQORFDWLRQRIFRPPXQLW\KHDOWKVHUYLFHVDQGWKHGHVLJQRISHUIRUPDQFHHYDOXDWLRQV\VWHP
)XQFWLRQRIFRPPXQLW\KHDOWKVHUYLFHV
&RPPXQLW\KHDOWKVHUYLFHVFHQWHURQLPSURYLQJWKHTXDOLW\RISHRSOH¶VKHDOWKDQGOLIHZLWKWKHIXQFWLRQRI
SUHYHQWLRQ DQG KHDOWK SURWHFWLRQ PHGLFDO FDUH KHDOWK FRXQVHOLQJ UHKDELOLWDWLRQ JXLGDQFH LPPXQL]DWLRQ
SODQQLQJ IDPLO\SODQQLQJ WHFKQLFDO JXLGDQFH DQG VRRQ$FFRUGLQJ WR ³WKH VWDWH FRXQFLO¶V JXLGDQFHRQ WKH
GHYHORSPHQW RI XUEDQ FRPPXQLW\ KHDOWK VHUYLFH´ DQG WKHQHZKHDOWKFDUH UHIRUPSODQ LQ FRPPXQLW\
KHDOWKVHUYLFHVVKRXOGDGKHUHWRWKHSXEOLFZHOIDUHVHUYLFHVDQGKLJKOLJKWIDLUQHVVHIILFLHQF\DFFHVVLELOLW\RI
VHUYLFHVDQGFRPSOH[IXQFWLRQVRIWKHSXEOLFKHDOWKEDVLFPHGLFDOVHUYLFHV
7KHGHVLJQRIFRPPXQLW\KHDOWKVHUYLFHVSHUIRUPDQFHHYDOXDWLRQV\VWHP
7KHSHUIRUPDQFHHYDOXDWLRQRIFRPPXQLW\KHDOWKVHUYLFHVLVWRHYDOXDWHWKHLULQIOXHQFHLQWKHSRVVHVVLRQ
XVLQJPDQDJHPHQWDQGDOORFDWLRQDERXW UHVRXUFHV ,W¶V DSURFHVV WKDW UHIOHFWV WKHTXDOLW\RI VHUYLFHTXDOLW\
UHVRXUFHXWLOL]DWLRQDQGIXQFWLRQHIIHFWVRIDUHDVRQDEOHGHJUHHDQGVHUYLFHHIIHFWLYHQHVVRIFRPPXQLW\KHDOWK
VHUYLFHV0HDQZKLOH LW¶V DQ LPSRUWDQW PHDQ WR PHDVXUH DFFHVVLELOLW\ HTXLW\ DQG HIILFLHQF\ RI FRPPXQLW\
KHDOWK VHUYLFHV DQG DOVR DV D PDLQ EDVLV RI LQYHVWPHQW LQFHQWLYHV DQG FRQVWUDLQWV WR DFKLHYH WKHLU RZQ
FDSDELOLWLHV IRU FRPPXQLW\ KHDOWK VHUYLFHV RUJDQL]DWLRQV 7KHUHIRUH WKH GHVLJQ IRXQGDWLRQ RI SHUIRUPDQFH
HYDOXDWLRQV\VWHPLVWKHIXQFWLRQRULHQWDWLRQRIFRPPXQLW\KHDOWKVHUYLFHVZKLFKLQGLFDWHVWKHGHVLJQVKRXOG
EHEDVHGRQSURYLGLQJEDVLFPHGLFDODQGSXEOLFKHDOWKVHUYLFHVDQGRULHQWHGRQWDUJHWPDQDJHPHQWDVZHOODV
NH\ LQGLFDWHV RI SHUIRUPDQFH PDQDJHPHQW 7KH GHVLJQ RI WKH LQGLFDWRU V\VWHP LV PDLQO\ UHIOHFWHG LQ LWV
VHUYLFHV GHJUHH DQG HIIHFWLYHQHVV ,W WDNHV WKH IXQFWLRQ RI FRPPXQLW\ KHDOWK VHUYLFHV DV WKH PDLQ OLQH WR
HYDOXDWHVWUHQJWKVDQGZHDNQHVVRIWKHSHUIRUPDQFHRIFRPPXQLW\KHDOWKVHUYLFHV
'UDIWLQJRIHYDOXDWLRQLQGLFDWRUV\VWHPRIFRPPXQLW\KHDOWKVHUYLFHV
7KLV VWXG\ KDV UHVHDUFKHG WKH VWDWXV RI WKH SHUIRUPDQFH HYDOXDWLRQ RI FRPPXQLW\ KHDOWK VHUYLFHV LQ
6RQJMLDQJGLVWULFW ,W IRFXVHGRQREMHFWLYHVPDQDJHPHQWDQGNH\HYDOXDWLRQ LQGLFDWRUVDQG WRRNFRPPXQLW\
KHDOWK VHUYLFHV¶ IXQFWLRQVDV WKHPDLQ OLQHDQGKDGGHVLJQHG WKH LQGLFDWRU V\VWHPDFFRUGLQJ WR WKH VHUYLFHV
FRQWHQWVRIFRPPXQLW\KHDOWKVHUYLFHVDQGFXVWRPHUV¶VDWLVIDFWLRQDVWRPDNHWKHGHVLJQPHHWWKHTXDOLWDWLYH
DQGTXDQWLWDWLYHDVVHVVPHQWSULQFLSOH
'HOSKLH[SHUWFRQVXOWDWLRQWRGHWHUPLQHLQGLFDWRUV\VWHP
,W XVHV WZR URXQGV RI'HOSKL H[SHUW FRQVXOWDWLRQ PHWKRG WR HQVXUH WKH LQGLFDWRU V\VWHP VFLHQWLILF DQG
UDWLRQDO ,Q'HOSKL PHWKRG WDVNV RI WKH H[SHUWV DUH WR JLYH ULJKW DGYLFH DQG YDOXDEOH MXGJPHQWV RQ WKH
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HYDOXDWLRQLQGLFDWRUV\VWHP7KHUHIRUHLQVHOHFWLRQRIH[SHUWVZHVKRXOGWDNHWKHLUUHSUHVHQWDWLRQDXWKRULW\
DWWHQWLRQDQGSDWLHQWSULQFLSOHVLQWRFRQVLGHUDWLRQ7KURXJKWKHLUDGYLFHWKHH[SHUWVVFRUHWKHLPSRUWDQFHDQG
RSHUDELOLW\ RI LQGLFDWRUV DQG FDOFXODWH WKHPHDQ QXPEHU RI HDFK LQGLFDWRU DQG FRHIILFLHQW RI YDULDWLRQ WKH
VPDOOHUWKHFRHIILFLHQWRIYDULDWLRQWKHKLJKHUWKHH[SHUWV¶FRRUGLQDWLRQOHYHORIWKHLQGLFDWRU$QGWKH\XVH
WKHERXQGDU\YDOXHWKDWLVWRFDOFXODWHWKHDULWKPHWLFPHDQRXWRIUDWLRDQGFRHIILFLHQWRIYDULDWLRQRIHDFK
LQGLFDWRUPHWKRGWRHOLPLQDWHFRUUHVSRQGLQJLQGLFDWRUDQGDWODVWZHFDQJHWDQLQGLFDWRUV\VWHPGHWHUPLQHG
E\'HOSKLH[SHUWFRQVXOWDWLRQ
$+3WRGHWHUPLQHZHLJKWVRIHYDOXDWLRQLQGLFDWRUV
:H XVH WKH DQDO\WLF KLHUDUFK\ SURFHVV $+3 LQ GHVLJQ RI HYDOXDWLRQ LQGLFDWRU ZHLJKWV EHFDXVH$+3
DSSOLHV WR FRPSOH[ V\VWHP ZLWK PXOWLREMHFWLYH PXOWLFULWHULD DQG PXOWLOHYHO ZKLOH WKH SHUIRUPDQFH
HYDOXDWLRQ V\VWHP RI FRPPXQLW\ KHDOWK VHUYLFH LV MXVW D FRPSUHKHQVLYH V\VWHP RI PXOWLOHYHO DQG PXOWL
LQGLFDWRU$+3FDQFRQVWUXFWFRPSDULVRQPDWUL[DQGILUVWO\FDOFXODWHVWKHZHLJKWVRIVLQJOHLQGLFDWRUDQGWKHQ
WRWDOO\RUGHUVWKHLQGLFDWRUVZLWKLQOHYHOVWRGHWHUPLQHDOOLQGLFDWRUIDFWRUVFRPSDUHGWRWKHUHODWLYHZHLJKWVRI
WKHRYHUDOOLQGLFDWRU,WSURYLGHVDJRRGVROXWLRQWRGHWHUPLQHWKHZHLJKWRIDVLPLODULQGLFDWRUV\VWHP
3HUIRUPDQFHHYDOXDWLRQPHWKRGV¶PRGHORIFRPPXQLW\KHDOWKVHUYLFH
$Q\VWDWLVWLFDO LQGLFDWRUZLOO LQWHJUDWHFHUWDLQHYDOXDWLRQLQIRUPDWLRQ:LWKWKHGHYHORSPHQWRIFRPSXWHU
WHFKQRORJ\WKHPXOWLYDULDWHVWDWLVWLFDODQDO\VLVPHWKRGVVXFKDVPXOWLSOHUHJUHVVLRQGLVFULPLQDWHGDQDO\VLV
IDFWRUDQDO\VLVFOXVWHUDQDO\VLVDQGIX]]\PDWKDQGHWFKDYHJUDGXDOO\HQULFKHGDQGGHYHORSHG:KLOHLQWKH
SUDFWLFHRIPHGLFDOKHDOWKVHUYLFHV¶SHUIRUPDQFHHYDOXDWLRQSHRSOHVWLOOXVHVRPHVLPSOHUDSLGSUDFWLFDODQG
QRQSDUDPHWULF FRPSUHKHQVLYH HYDOXDWLRQ PHWKRGV VXFK DV WKH FRPSRVLWH LQGLFDWRU PHWKRG HIILFDF\
FRHIILFLHQWPHWKRG WKH FRPSRVLWH VFRUH565 JUD\ FRUUHODWLRQPHWKRG7236,6PHWKRG$+3 HWF7KHVH
PHWKRGVKDYHGHPRQVWUDWHGWKHHIIHFWLYHQHVVDQGFRQVLGHUDEOHSURVSHFWVLQWKHSHUIRUPDQFHHYDOXDWLRQRQWKH
PHGLFDO KHDOWK LQVWLWXWLRQV $IWHU WKH HVWDEOLVKPHQW RI LQGLFDWRU V\VWHP DQG DV WR WHVW LWV IHDVLELOLW\ DQG
IHDVLELOLW\ WKLVSDSHUXVHVFRPSRVLWH LQGLFDWRUPHWKRG WKH WRSLFPHWKRGDQG565WRVHWXSFRPSUHKHQVLYH
DVVHVVPHQWRIFRPPXQLW\KHDOWKVHUYLFHPRGHO


)LJ$+3WRGHWHUPLQHWKHSURFHVVRILQGLFDWRUZHLJKW
7KHHPSLULFDODQDO\VLVDERXWWKHHYDOXDWLRQRIWKHIXQFWLRQDQGSHUIRUPDQFHRIFRPPXQLW\KHDOWK
VHUYLFHVLQ6RQJMLDQJGLVWULFW
,Q WKH DQDO\VLV¶V VDPSOH VHOHFWLRQ RI WKH IXQFWLRQ DQG SHUIRUPDQFH RI FRPPXQLW\ KHDOWK VHUYLFHV LQ
6RQJMLDQJGLVWULFWZHVHOHFWHGWZRUHSUHVHQWDWLYHFRPPXQLW\KHDOWKVHUYLFHVWRHYDOXDWHDQGREWDLQWKHGDWD
7KH WZR FRPPXQLW\ KHDOWK VHUYLFHV ZHUH ;LQTLDR WRZQ FRPPXQLW\ KHDOWK FHQWHU DQG =KRQJVKDQ VWUHHW
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FRPPXQLW\KHDOWKFHQWHUZKLFKZHUHDOVRWKHREMHFWVZHKDYHEHHQLQYHVWLJDWLQJDQGWUDFNLQJ$VDQDWLRQDO
KHDOWK FDUH UHIRUP SLORW DUHD 6RQJMLDQJ GLVWULFW KDV LPSOHPHQWHG FRPSUHKHQVLYH UHIRUP RI WKH PHGLFDO
VHUYLFHVFRRUGLQDWLRQIURPDQGFDUULHGRXWWKHUHYHQXHDQGH[SHQGLWXUHSROLF\LQ6HOHFWLQJWKHVH
ILYH\HDUV¶PHGLFDO UHIRUPGDWH IURP WR WRDQDO\]H LVRIPXFKVLJQLILFDQFH ,Q WKLV UHVHDUFKZH
ILUVWO\DFKLHYHGWKHVFRUHVRIPDQ\FRPPXQLW\KHDOWKVHUYLFHV¶DFWXDOWDUJHWVDQGIXQFWLRQOHYHOVE\JHQHUDO
LQGLFDWRU HYDOXDWLRQ PHWKRG $QG WKHQ ZH DQDO\]HG WKH ILYH\HDUV¶ WUHQG RI FRPPXQLW\ KHDOWK VHUYLFH
SHUIRUPDQFH WKURXJK 7236,6 DQG 565 PHWKRG +HUH ZH ZLOO PDNH VLPSOH LQWURGXFWLRQ DERXW WKHVH WZR
PHWKRGV
7KH7236,6PHWKRGLVPRUHDFFXUDWHLQGHVFULSWLRQRIWKHREMHFWVHVSHFLDOO\LQPXOWLREMHFWLYHHYDOXDWLRQ
,WKDVQRVSHFLDOUHVWULFWLRQRQWKHQXPEHURILQGLFDWRUDQGGDWDGLVWULEXWLRQVRLW¶VDSSURSULDWHIRUZLGHXVH
$V WKH IRXU OHYHO V¶GHVLJQRI WKH LQGLFDWRU V\VWHPDQG WKH ODUJHTXDQWLWLHVRISDUDPHWHUV WKLV UHVHDUFKKDV
FKRRVHWKH7236,6FRPSUHKHQVLYHHYDOXDWLRQPRGHOWRHYDOXDWHWKHGDWD


)LJ+LHUDUFKLFDOPRGHO


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7DEOH(YDOXDWLRQLQGLFDWRUVDWDOOOHYHOVDQGWKHLUZHLJKWV
)LUVWFODVV
LQGLFDWRU :HLJKW
6HFRQGFODVV
LQGLFDWRU :HLJKW
7KLUGFODVV
LQGLFDWRU :HLJKW )RUWKFODVVLQGLFDWRU :HLJKW


6HUYLFHV











FRQWHQWV

%DVLF
PHGLFDO 
2XWSDWLHQW
VHUYLFHV 
2XWSDWLHQWDWWHQGDQFHV 
2XWSDWLHQWSUHVFULSWLRQ 
2XWSDWLHQWGLDJQRVWLF 
&RVWVRIRXWSDWLHQW 
3DWLHQWVHUYLFHV 
&RVWVRIKRVSLWDO 
0HGLFDOPDOSUDFWLFH 
3XEOLFKHDOWK 
&RPPXQLW\KHDOWK
LQIRUPDWLRQ
PDQDJHPHQW

+HDOWKUHFRUGV 
3XEOLF+HDOWKHYHQWV 
&RPPXQLW\
SUHYHQWLRQ 
6WDWXWRU\LQIHFWLRXVGLVHDVHV 
9DFFLQDWLRQ 
&RPPXQLW\
KHDOWK 
$JHG&DUH 
0DWHUQDOKHDOWKFDUH 
&KURQLFLOOQHVVFDUH 
,QIDQWKHDOWKFDUH 
&RPPXQLW\
UHKDELOLWDWLRQ 
5HKDELOLWDWLRQRISV\FKLDWULF
SDWLHQWV 
5HKDELOLWDWLRQRIVWURNH
SDWLHQWV 
&RPPXQLW\
KHDOWK
HGXFDWLRQ

+HDOWKHGXFDWLRQDQG
SURPRWLRQ 
(IIHFWVRIKHDOWKHGXFDWLRQDQG
SURPRWLRQ 
+HDOWKUHJXODWRU\  .H\ZRUNSODFHLQVSHFWLRQ 
(PSOR\HHV¶PHGLFDO 
6HUYLFH
VDWLVIDFWLRQ 
6DWLVIDFWLRQRIEDVLFPHGLFDO 
6DWLVIDFWLRQRISXEOLFKHDOWK 
3HUIRUPDQFHHYDOXDWLRQDERXWFRPPXQLW\KHDOWKVHUYLFHVFHQWHURI;LQTLDRWRZQ
 

 









    
&L

)LJ&RPSUHKHQVLYHHYDOXDWLRQVRQ&LFKDQJHWUHQGRI;LQTLDRWRZQ
$FFRUGLQJ WR WKH FRPSUHKHQVLYH HYDOXDWLRQ DERXW FRPPXQLW\ KHDOWK VHUYLFHV FHQWHU RI;LQTLDR WRZQ D
ILYH\HDUV¶FRQWLQXRXVLPSURYHPHQWLQWKHRYHUDOO OHYHORISHUIRUPDQFHFDQEHVHHQLQ)LJDQGLW¶VRQWKH
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ULVHHYHU\\HDUWKDWLV!!!!%XWWKHUHLVDELJJDSLQ&LIURPWKH\HDUWR
ZKLFKPHDQVDIDVWHUSHUIRUPDQFHLPSURYHPHQWLQWKHWZR\HDUVDIWHUWKHPHGLFDOUHIRUPLQ
3HUIRUPDQFHFRPSDULVRQRIWKHWZRFRPPXQLW\KHDOWKVHUYLFHVFHQWHUV
%DVHG RQ WKH IRUPHU GHWHUPLQHG LQGLFDWRU ZHLJKWV ZH VHOHFW VRPH NH\ LQGLFDWRUV WR FRPSDUH WKH
SHUIRUPDQFH RI WZR FRPPXQLW\ KHDOWK FHQWHUV EHFDXVH WKH NH\ LQGLFDWRUV DUH EHWWHU DEOH WR H[SODLQ WKH
SUREOHPV LGHQWLI\ JDSV DQGPDNH FRQWLQXRXV LPSURYHPHQW 7DNH WKH \HDUV¶ GDWD RI WKH WZR FRPPXQLW\
KHDOWKFHQWHUVDVWKHUHVHDUFKREMHFWVZHFDQHYDOXDWHWKHLU\HDUV¶UHVSHFWLYHSHUIRUPDQFHWUHQG
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&LFKDQJHRIWKHQHZ
7RZQRIEDVLFPHGLFDO
&LFKDQJHRI=KRQJVKDQ
RIEDVLFPHGLFDO

)LJ7UHQGFRPSDULVRQRIWKH\HDUV¶&LYDOXHRIWKHEDVLFPHGLFDO
)URPWKH&LYDOXHRIWKHEDVLFPHGLFDOKHDOWKVHUYLFHV¶HYDOXDWLRQLQILJXUHLWFDQEHREYLRXVO\VHHQWKDW
WKH&LYDOXHLVEHFRPLQJODUJHU2QO\DWWKHEHJLQQLQJRIWKHUHIRUPLQWKH&LYDOXHRIWKHEDVLFPHGLFDO
KHDOWKVHUYLFHV¶HYDOXDWLRQLQ=KRQJVKDQGHFOLQHGVOLJKWO\ZKLOHLQ;LQTLDRLWLQFUHDVHGFRQVLGHUDEO\7KH\
ZHUHERWKLQDQXSZDUGWUHQGDIWHULQZKLFKWKHILYH\HDU¶V&LYDOXHRI;LQTLDRKDVPDGHODUJHUFKDQJHV
%\FDOFXODWLQJWKHLUUHVSHFWLYHFRHIILFLHQWRIYDULDWLRQ9ZHFDQJHW9[LQJTLDR ZKLFKVKRZVDJUHDWHU
LQFUHDVHLQSHUIRUPDQFH9]KRQJVKDQ ZKLFKPHDQVLQ=KRQJVKDQLW¶VRQO\DUHODWLYHO\VWDEOHFKDQJH
&RQFOXVLRQV
%\ WKH HPSLULFDO DQDO\VLV RI WKH WZR FRPPXQLW\ KHDOWK VHUYLFH FHQWHUV ZH FDQ REWDLQ WKHLU UHVSHFWLYH
SHUIRUPDQFHGHYHORSPHQWVWDWXVLQUHFHQW\HDUV7HVWLQJE\WKHUHOHYDQWOHDGLQJLQ6RQJMLDQJKHDOWKEXUHDX
LW¶VEHOLHYHGWKDWWKHUHVXOWVZHUHFUHGLEOHDQGWKHHVWDEOLVKHGLQGLFDWRUV\VWHPZDVYLDEOHDQGUHDVRQDEOH7KH
OHDGLQJ FKLHIV DOVR EHOLHYHG WKDW  :LGHU FRYHUDJH RI WKH LQGLFDWRU V\VWHP LV RI JRRG JXLGDQFH DQG
FUHGLELOLW\7KHVHOHFWLRQPHWKRGRILQGLFDWRUVLVUHDVRQDEOHDQGWKHZD\WRGHWHUPLQHZHLJKWFRHIILFLHQWV
DUHVFLHQWLILFDVZHOODVWKHUHVXOWVLVUHODWLYHO\DFFXUDWH&RPSUHKHQVLYHHYDOXDWLRQPHWKRGLVVFLHQWLILFWR
WUXO\UHIOHFWWKHSHUIRUPDQFHGHYHORSPHQWWUHQGVRIFRPPXQLW\KHDOWKVHUYLFHV
5HIHUHQFHV
>@%DR<*DR;<;X-&7KHWUHQGVDQGGHYHORSPHQWVWXG\RI&KLQHVHFRPPXQLW\KHDOWKVHUYLFHV
&KLQHVH+HDOWK0DQDJHPHQW
>@0DR/%0RGHODJHQFLHV¶HYDOXDWLRQRIXUEDQFRPPXQLW\KHDOWKVHUYLFHVLQ6LFKXDQSURYLQFH&KHQJGX
6LFKXDQ8QLYHUVLW\
